Plasma cortisol concentration as estimated by CPB radioassay increased significantly in cattle during 4 hr of acute thermal exposure while plasma progestins did not. Changes in plasma cortisol were gradual with the onset of heat exposure and correlated significantly with rectal and environmental temperatures although the correlation was greater with rectal temperature. However, the rise and decline in plasma cortisol levels following, respectively, the onset and cessation of thermal exposure preceded changes in body temperature. Adrenocortical function in steers and the possible significance of plasma cortisol secretion during acute thermal stress are discussed.
INTRODUCTION
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shown to influence plasma glucocorticoid concentrations in these species of animals. The effects of venipuncture (Bassett and Hinks, 1969) , restraint (Ray et al., 1972) , feeding and handling (Willett and Erb, 1972) , ACTH administration (Gwazdauskas et al., 1972) and acute and chronic exposure to high temperature environments (Christison and Johnson, 1972; Marple et al., 1972; have been recently investigated. However, no data are available on measures of plasma cortisol and progestins in Holstein steers acutely exposed to high environmental temperature with the exception of a preliminary study on total glucocorticoid turnover in steers (Christison and Johnson, 1972) . This study was undertaken to assess sequential changes in plasma cortisol and to monitor total progestins for evaluation of their role in adrenal hormone secretion in Holstein steers exposed acutely to high temperature (42 C) condition. The use of steers rather than heifers or cows was to show any possible differential response of progestins and cortisol hormones in the bovine male castrate.
MATERIALS AND METHODS
Six Holstein steers, weighing an average of 320 kg with a mean age of 17 months, were confined in individual chambers of the Missouri Climatic Laboratory at 19 C, 60% relative humidity (RH). The animals were fed a complete BIR (built-in roughage) cattle ration (Ralston Purina Co., St. Louis, Mo.) containing 12% crude protein, 20% crude fiber, 2% fat, and 3.5% added minerals. Access to feed was restricted from 8 am to 6 pm while water was withheld from 12 noon to 6 pm of the experimentation period.
After a 14 day adjustment and conditioning period, the steers were abruptly exposed to an 113 JOURNAL OF ANIMAL SCIENCE, Vol. 41, No. 1, t975 environmental temperature of 42 C, 60% RH, at 12 noon and held at this level for 4 hours. During this period blood samples were withdrawn at 5, 10, and 20-min intervals between 0 to 30, 30 to 120 and 120 to 240 min, respectively. After 240 min the heat was turned off, and the chamber door opened for rapid cooling while sampling continued at 5-, 10-and 20-min intervals for 0-30, 30-60 and 60-120 min postheat periods, respectively. Two thermoneutral samples at 20 and 10 rain before onset of heat exposure were obtained for control values. The heat exposure was replicated following a 1-week rest period at 19 C, 60% RH. A sham-control experiment, in which the frequency, magnitude and mode of bleeding were identical except for heat treatment, was conducted on each animal 1 week before the first thermal exposure trial.
Blood samples (10 to 12 ml) were taken from outside the chamber via jugular catheter fixed in place 1 day before the trial. Blood hematocrit and plasma specific gravity were determined immediately, and aliquots of plasma were stored at -20 C for determination of cortisol and total progestin concentrations by competitive protein binding (CPB) radioassay. Rectal temperature was recorded continuously by thermocouple probes.
The CPB radioassay method of Murphy (1967) and Jeffery and Noujaim (1971) was modified to quantitate blood plasma cortisol. Mean recovery of labeled cortisol from plasma after solvent extraction with dichloromethane and purification was 82.0 + 1.9% (n=15) with a range of 71.6 -92.1%. The accuracy of the CPB assay of cortisol based on known cortisol levels added to bovine plasma was 105.7 + 1.2%. Reproducibility studies on a pooled plasma sample, measured repeatedly over 20 separate assays, yielded a mean value of 19.8 + .6 ng/ml (SE).
Total plasma progestins were measured using the CPB method of Murphy (1967) with the following modifications. Plasma samples (3.0 to 5.0 ml) were extracted with 5.0 ml of petroleum ether (Mallinckrodt, nanograde) by shaking vigorously for 5 minutes. The total progestin extract was dried and quantitated by CPB assay using 2.5% stripped dog serum solution containing 40 nCi corticosterone -1, 2, 6, 7-3H (New England Nuclear, Boston, Mass.). Labeled and unlabeled progesterone were used to monitor procedural losses. The mean recovery estimate of labeled progesterone from plasma after solvent extraction was 94.3 + .8% as determined from recovery estimates in the validation procedure; whereas the mean recovery of known amounts of unlabeled progesterone added to bovine plasma was 98.5 + 2.4% (range: 91.2 -108.0%). The mean progesterone concentration of a pooled plasma sample assayed repeatedly over 20 separate assays was 5.0 -+ .2 ng/ml (SE). Samples were assigned to assay by animal. The maximum error for a single determination of cortisol at 5 and 15 ng/ml was 11.8 and 6.5%, respectively, and for progesterone at 1.0 and 5.0 ng/ml was 15.7 and 10.8%.
Statistical procedures included analysis of variance as described by Cochran and Bliss (1970) . For multiple comparison, the Tukey's HSD method based upon the studentized-range statistics was used (Dunnett, 1970) . Simple linear correlations between physiological parameters were performed to assess possible interrelationships during the experimental heat period.
EXPERIMENTAL RESULTS
The concentrations of plasma cortisol in six Holstein steers when acutely exposed to high temperature (42 C) or sham-control are summarized in table 1. Plasma cortisol levels averaged 8.4 ng/ml during the 6 hr thermoneutral sham period with no differences in blood hematocrit or plasma specific gravity, but significant differences in rectal temperature were noted between the sham and heat treatment periods.
With the onset of environmental heat (figure 1), plasma cortisol concentrations increased slightly (P>.05) from 9.7 to 11.6 ng/ml within 60 min and continued to rise (P<.01). The first of two peaks were at 80 min (17.9 ng/ml) and 110 min (22.6 ng/ml) thermal exposure (figure 1). Thereafter, plasma cortisol levels slightly declined (P>.05) to 16.7 ng/ml at 120 min, followed by a marked elevation (P<.01) to 28.5 ng/ml at 160 min and remained high (P<.01) for the remainder of the heat period although tending to decrease from 27.5 to 20.3 ng/ml at 200 to 240 rain of thermal exposure.
Within 5 min after heat exposure ceased, plasma cortisol significantly dropped (P<.01) Figure 1 . Mean plasma cortisol, progestin, rectal and air temperatures in Holstein steers at 19 and 42 C environmental temperature conditions. Based on Tukey's test, the overall temperature effects on plasma cortisol during the heat exposure period were: P<.05, HSD = .9 and P<.O1, HSD = 1.1. Mean plasma total progestins were not statistically different (P>.05). T a = air temperature; T r = rectal temperature.
to normal exposure levels, eventually reaching a low level of 10.8 ng/ml. After the heat exposure treatment, plasma cortisol response was characterized by some fluctuations, which are not readily explainable. It is possible the opening of the chamber doors and disturbances during the conclusion of the experiment were factors since sham and control responded similarly. The rise and fall in plasma cortisol concentrations following the onset and cessation of heat treatment preceded the changes in body temperature. The correlation coefficients between changes in plasma cortisol levels and air temperature (r = -+ .35, P<.05) and between plasma cortisol and body temperature (r = -+ .79, P<.01) were statistically significent (table  1) . The analysis of variance values for cortisol plasma levels are shown in table 2.
The effect of heat exposure on plasma progestin concentrations in steers following acute exposure to high ambient temperature was not significant although the values during the thermal exposure tended to be higher than sham (figure 1). The average circulating levels of plasma progestins were .2 ng/ml although levels were somewhat elevated in 13 of 19 sampling points. No significant correlation (r = -+ .15, P>.05) existed between plasma cortisol and total progestins (table 1). 
Discussion
Acute heat exposure to a high temperature condition caused an elevation in plasma cortisol levels in Holstein steers. This finding is in accord with the plasma glucocorticoid trends shown in cows (Christison et al., 1970) and the earlier studies on Holstein and Jersey cows (Alvarez, 1968; Christison and Johnson, 1972) . However, these results differ significantly from findings in Zebu heifers (heat tolerant animals) in which there was a 140 min latent period prior to a rise in plasma cortisol after heat exposure . The base level of plasma cortisol in the present study is in good agreement with the 3.9 ng/ml values observed by Gwazdauskas et al. (1972) from pooled bovine plasma sample using the CPB radioassay but considerably lower than the 18.0 ng/ml values reported by Rhynes and Ewing (1973) on normal Hereford bulls.
Total plasma progestins of Holstein steers acutely exposed to high temperature did not change significantly from the sham control base level of .2 ng/ml which indicates that adrenal progestin secretions do not play a major role in an animal's endocrine responsiveness to short term high thermal exposure. Previous observations in acutely heat-exposed Scotch Highland heifers and in chronically heat-exposed Guernsey heifers indicate an initial heat stimulus to progesterone secretion.
Upon exposure to heat, levels of plasma cortisol tended to increase similarly to rectal temperature. The lack of change in hematocrit or plasma specific gravity values indicates that the changes in plasma cortisol were not caused by changes in body fluids. The elevation of plasma cortisol as a result of acute heat exposure occurred from increased adrenocortical secretion since the metabolic clearance rate of cortisol has been shown to remain constant (Christison and Johnson, 1972) . In this respect, Panaretto and Vickery (1970) observed an increase in plasma cortisol entry rather than a reduction in clearance rate of sheep under a cold, wet environment.
The significant increase in plasma cortisol concentrations after 70 min of heat suggests that ACTH may have been released from the adenohypophysis to stimulate adrenal cortisol synthesis and release (Chowers et al., 1966) . This increase in ACTH secretion, as indirectly indicated by the rise in plasma cortisol, could mediate the release of GH in steers which was previously reported by Mitra and Johnson (1972) . An immediate increase in mean plasma growth hormone (GH) was reported on animals acutely exposed to heat; however, the maximum plasma cortisol concentration was only attained after 160 min post-heat exposure.
A major finding of this study is the cortisol response to environmental heat and the slight but nonsignificant elevation of progestins of steers. The physiological importance of the increase in plasma cortisol to heat may be its action on enhancement of the protein catabolic process, thereby increasing the mobilization of amino acids for gluconeogenesis (Ray, 1968) and circulating blood glucose (Baird and Heitzman, 1970) . The possible detrimental effect of cortisol-induced protein catabolism may not be modulated in steers by total progestins since the plasma level is detectably very low, whereas in heifers progesterone increases upon heat exposure. However the observed rise in plasma growth hormone (Mitra and Johnson, 1972) may counteract the cortisol-induced protein catabolic processes since GH is a potent protein anabolic hormone.
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